One of the most feasible methods of measuring presynaptic calcium levels in presynaptic nerve terminals is optical recording. It is based on using calcium-sensitive fluorescent dyes that change their emission intensity or wavelength depending on the concentration of free calcium in the cell. There are several methods used to stain cells with calcium dyes. Most common are the processes of loading the dyes through a micropipette or pre-incubating with the acetoxymethyl ester forms of the dyes. However, these methods are not quite applicable to neuromuscular junctions (NMJs) due to methodological issues that arise. In this article, we present a method for loading a calcium-sensitive dye through the frog nerve stump of the frog nerve into the nerve endings. Since entry of external calcium into nerve terminals and the subsequent binding to the calcium dye occur within the millisecond time-scale, it is necessary to use a fast imaging system to record these interactions. Here, we describe a protocol for recording the calcium transient with a fast CCD camera.
Introduction
Calcium ions (Ca 2+ ) participate in many neuronal signaling processes, including the initiation, maintenance, and plasticity of mediator release 1, 2, 3, 4, 5 . Upon the arrival of the action potential, extracellular Ca 2+ enters the nerve terminal and initiates neurotransmitter release. In some synapses, the calcium current can be measured directly by electrophysiological methods 6, 7, 8 . In the case of the neuromuscular junction (NMJ), one cannot use direct patch clamp and two-electrode voltage clamp techniques due to the minute size of the nerve endings.
Recordings of inward Ca
2+ currents from the nerve endings in the NMJ can be done by indirect electrophysiological methods 9, 10 . However, these methods require the pretreatment of the synapse by sodium and potassium ion channel blockers. Optical methods do not require the pharmacological separation of ionic currents in the nerve terminal and permit recordings of Ca 2+ influx, triggered by action potentials, and the subsequent elevation of Ca 2+ ions in the axoplasm 11, 12, 13, 14 . These methods are based on recordings of changes in the fluorescence of specific Ca 2+ -sensitive dyes upon the binding of free Ca 2+ ions 15, 16, 17, 18, 19 . Ca 2+ indicators can be loaded into the cells through a variety of methods, depending on the purpose of the experiment. Researchers use the bath application of membrane-permeable dye forms 20, 21 , loading via patch pipette 22 , or microinjection 23, 24, 25 . However, all these methods have some limitations in the case of the NMJ due to its peculiarities in synaptic architectonics. For the NMJ, the most convenient and successful method is to load the dye through the nerve stump, a forward-filling method 26, 27, 28, 29 . This technique can be used for loading various fluorescence dyes into the peripheral nerve endings. This method was successfully used for Drosophila nerve terminals 28 , the lizard motor nerve 28 , and frog motor nerve terminals 17, 26, 27, 30 . Depending on the object under study, methodical details can vary. A glass micro-pipette can be employed for small nerves from larvae 28 . Several researchers have described a method 27, 28 in which a freshly cut end of nerve innervating a muscle is immersed into a well pre-filled with a dye. The preparation is then left for several hours to soak the dye. The dye is soaked up by the axons and transported to the nerve terminals. In this paper, we describe a method of loading a fluorescence indicator into frog motor nerve terminals through the nerve stump. Our protocol uses a plastic pipette tip for the incubation of the tissue with a dye. We also describe how to acquire and analyze Ca 2+ fluorescence transients. 2. Prepare the filling pipette: using a razor blade, cut out a ~2 mm-long piece of the conical part of a standard plastic 10 µL pipette tip. 3. Prepare a piece of modeling clay to mount the filling pipette on the Petri dish. 4. Connect the back of the filling pipette to a plastic syringe via silicone tubing and plastic connecting adapters made from pipette tips. 5. Before the dye loading procedure, remove the Ringer's solution from the Petri dish using a plastic pipette. Dry the muscle-nerve preparation using a fine syringe; this will prevent the dilution of the Ca 2+ dye upon the subsequent loading of the filling pipette.
Preparation of the Solutions
6. Remove the Ca 2+ indicator vial from the freezer and allow it to thaw at room temperature in a dark place.
7. Under stereomicroscope control with low magnification (10×), detect the junction between the muscle and the nerve. With fine tweezers and scissors, cut the pectoralis proprius nerve close to the muscle surface (see step 2.1). Leave a nerve stump about 2 mm long. 8. Fix the filling pipette attached to tubing and the syringe on the Petri dish using modeling clay. 9. Move the tip of the pipette close to the nerve stump. 10. Without pinching it, gently aspirate the nerve stump into the tip of the filling pipette. 11. Remove the suction tubing from the blunt end of the filling pipette. 12. Carefully remove the excess solution from the filling pipette using a syringe with a long needle (see the Table of Materials). Do not pinch the nerve stump. 13. Vertically elevate the tip of the filling pipette slightly, keeping the nerve stump aspirated in the tip. 14. Insulate the aspirated part of the nerve stump from the outside of the filling pipette tip using petroleum jelly. 15. Dry up the nerve stump insulated in the filling pipette if necessary: gently aspirate the excess of solution from the filling pipette using a syringe with a long needle. 16. Draw 0.5 µL of the dye-loading solution (see step 1) using a pipette with a long pipette tip. 17. Gently insert the pipette tip with loading solution into the filling pipette. Eject the mixture directly onto the nerve stump. 18 . Seal the open end of the filling pipette with petroleum jelly. 19. Add a small aliquot of Ringer's solution to the Petri dish to keep the preparation wet. 20. Incubate the preparation at room temperature under dark and wet conditions for 5 h. 21. Remove the filling pipette with loading solution, rinse the preparation with the Ringer's solution, and keep it overnight in the refrigerator at 8°C .
Preparing the Tissue for Microscopy
1. Mount the preparation into the silicon elastomer-coated chamber and fix it with steel micro-needles such that it is slightly stretched. 2. Rinse the tissue with an aliquot of fresh Ringer's solution.
3. Use a suction electrode to stimulate the nerve; construction of the electrode is available from the free download of the paper by Kazakov et al., 2015 32 . Position the electrode tip close to the cut end of the nerve and aspirate the nerve stump into the electrode orifice. 4. Mount the preparation chamber on the microscope stage. Place the temperature probe and the inlet and outlet firings in the chamber. .However, the addition of these toxins can also affect presynaptic calcium entry 33 . To avoid this, µ-conotoxin GIIIA can be used 27 . 12. Switch on the pump and start the superfusion of the preparation with the Ringer's solution with low Ca 2+ and high Mg 2+ . 13. Switch to the 40× objective lens on the microscope. 14. Switch on the monochromator (see the Table of 
Video Capture with the Digital CCD Camera
Note: The details of capturing fluorescence signals are specific for each microscope and camera type, but the key consideration is the image capturing speed.
1. Use 1 kHz as the minimum capture frequency for recordings of single Ca 2+ transients in the NMJ.
NOTE: Fast digital CCD cameras are necessary for fluorescence imaging (see the Table of Materials) . The data acquisition system and software (see the Table of Materials) were used here for the synchronization of the camera, monochromator, and stimulator. In brief, this protocol permits the generation of synchronization pulses on digital outputs of the data acquisition system to open the shutter, capture the video signal, and initiate stimulation. All temporal parameters can be set in the protocols and/or on the apparatuses. A typical protocol is a series of 500 frames acquired at 1 kHz (80 x 80 pixels). Illumination with excitation light can bleach out the Ca 2+ indicator and photodamage
Representative Results
After the dye loading and upon motor nerve stimulation, an increase in the amplitude of the fluorescent signal (Ca 2+ transient) can be detected in the nerve terminals (see Figure 2) . Parameters of Ca 2+ transients are presented in Table 1 . Quantitatively, the parameters of the Ca 2+ transients measured in our study are close to the data obtained by other scientists at synapses of cold-blooded animals 15, 34 . The parameters of the Ca 2+ transients depend on the rate of binding of Ca 2+ with the dye and the subsequent dissociation. The rate of entry of Ca 2+ into the nerve ending, interaction with the dye, and diffusion in the cytoplasm all affect the rise time of the Ca 2+ transient. The decay time of the fluorescent signal depends on the affinity of the dye, the speed of the Ca 2+ interaction with intracellular buffers, and the removal by ion pumps 35 . The amplitude analysis of Ca 2+ transients can be used to study the influence of various substances on the calcium entry that participates in neurotransmitter release 12,6 ±1,1 (n = 13) 4.6 ±0.5 (n = 13) 115.3 ±8.3 (n = 13) 
Discussion
In this paper, we presented the method of performing Ca
2+
-sensitive dye loading into frog nerve endings through the nerve stump. By the end of the loading procedure, all terminals in the proximal part of the nerve have significant levels of fluorescence. It has been estimated that the intraterminal concentration of the probe varies between 40 and 150 µM 17 .
The incubation procedure is conducted in two steps: at room temperature and then at a lower temperature in a refrigerator. It is important to control the time of tissue incubation with the dye at room temperature. Depending on the actual length of the nerve stump, the specific dye, and the temperature, the incubation time may vary. If overexposed, terminals in the proximal parts close to the nerve stump can be overloaded. However, in the middle part of the nerve, it is still possible to find terminals that are satisfactorily loaded. During the long incubation in the refrigerator, the dye is evenly distributed over the nerve endings.
Our own observations 33, 35 , as well as the data of other researchers 30 , prove the lack of any appreciable influence of the loading procedure on the amplitude of the postsynaptic response or on the frequency of miniature end-plate potentials. Good longevity was documented in the loaded preparations. There are some important points we would like to draw attention to. It is very essential to place the nerve stump into the dyeloading solution withinseveral minutes after excision to enable the dye to enter into the axons of the cut nerve; delays can cause ineffective loading, presumably due to the resealing of nerve axons 27, 36 . Some investigators immerse the nerve stump in 100 mM EDTA (a Ca 2+ -and Mg
-chelator) immediately after the excision of the nerve to prevent the cut axons from resealing. The buffer is removed after 1-2 min and replaced with a dye-loading solution 37 . The use of a petroleum-jelly well instead of plastic tubing for the loading procedure permits the use of a shorter nerve stump. While using this approach, the nerve is cut after it is immersed in the HEPES solution with dye, and the axons do not reseal because of the lack of divalent ions in the dye solution 27, 28 .
In our study, we used the water-soluble salt form of the Ca 2+ indicator instead of dextran. The dextran conjugates diffuse in the axon more slowly than the salt forms. However, the use of the dextran conjugate reduces dye compartmentalization and handling by the nerve and NMJs. Calcium Green 1-3,000 MW dextran conjugate has a good diffusion rate and demonstrates reduced compartmentalization 38 .
It is very important to avoid a long period of fluorescent illumination of the tissue, because this affects its health and survival. We use Nomarski optics in the visible-light channel to search for nerve terminals. During the recording, we limit the illuminated field using a diaphragm.
It is noteworthy that this loading method is suitable only for preparations that can withstand long incubations. To reduce the dye-loading time when studies are being conducted on more fragile tissues (e.g., synapses of warm-blooded animals), it is necessary to downscale the nerve stump length and to use micropipettes for loading 29, 39 . This loading technique is well suited for imaging changes in cytosolic Ca
, with fluorescent indicators under both single-nerve stimulation and rhythmic synaptic activity 17, 27, 35 . The analysis of the Ca 2+ -transient amplitude can be used to study the influence of different substances on the calcium entry that participates in neurotransmitter release 33 .
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